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CARBINOL-FUNCTTONAL SILICONE RESINS 



DESCRIPTION 



[0001] This invention relates to carbinol-functional silicone resins and a method to 
manufacture carbinol-functional silicone resins. The carbinol-functional silicone resins can 
be used to make tough, water resistant, solvent resistant, scratch resistant, and heat resistant 
materials by formulating and reacting these silicone resins with certain organic materials. 
Methods to make carbinol-functional silicone resins have been described in the art. For 
example, in U.S. Patent No. 5,290,901 is disclosed a method for the preparation of carbinol- 
functional organosiloxanes and carbinol-functional organosiloxane resins. The method 
comprises contacting a cyclic silyl ether with an organosiloxane or an organosiloxane resin at 
a temperature within a range of about 25°C to 150°C. The method may be conducted in the 
presence of an inert organic solvent to facilitate dissolution and contact of the reactants. Also 
disclosed in the '901 patent is a method for preparation of carbinol-functional organosiloxane 
resins described by formula 



R 2 Si~0(CR 1 2)*— 1 
with an organosiloxane resin described by formula 

at a temperature within a range of about 25 °C to 150°C where each R is independently 
selected from a group consisting of alkyls comprising one to 20 carbon atoms, cycloalkyls 
comprising three to 20 carbon atoms, alkenyls comprising two to 20 carbon atoms, aralkyls, 
and aryls; each R.sup.l is independently selected from a group consisting of hydrogen, R, and 
substituted hydrocarbyls comprising one to 20 carbon atoms; b=3, 4, or 5; the values w, x, y, 
z are mole percents, w<100, w+x>0, and w+x+y+z=100: the organosiloxane resin comprises 



<Si02)i»<RSiO^ 
SIR 2 (CR*i)*OH}* 



the method comprising: contacting a cyclic silyl ether described by formula 
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greater than zero weight percent silanol to about 30 weight percent silanol, and the value a 
represents the percent of the silanol substituted with carbinol-functional silyl and a>0. 

[0002] In U.S. Patent No. 5,814,679 is disclosed carbinol functionalized silicones which 
lowers the release forces of epoxy silicone photo-curable release compositions, by co-photo- 
curing with the epoxy functionalized silicone. The '679 patent further discloses that photo- 
curable silicone compositions with long chain silicone compounds that contain carbinol- 
functionalities co-polymerize or co-cure with epoxy functional photo curable silicones 
thereby permitting the formulation of premium release photo-curable silicone compositions. 
[0003] In U.S. Patent No. 6,297,33 1 is disclosed organosiloxanyl derivatives with ethyl 
hydroxyalkyl ether attached via carbon to silicon and their preparation and their use as paint 
raw materials and their use as intermediates for the preparation of silicone polyethers, 
silicone polyesters, silicone polyurethanes, silicone acrylates and silicone isocyanates. 
The compounds are of the general formula: 



R 



r 

T 



r 

T 

R 3 



Ja 



r 

T 



Q|i R 



in which R* identical or different aliphatic or aromatic hydrocarbon groups, R2 = 
CH 2 CH20(CR 4 R 5 ) x OH, where R3 =r2 or R 1 , a=l to 50 and b=0 to 500. 
[0004] In U.S. Patent No. 5,939,491 is disclosed curable compositions comprising an 
organic polysiloxane which can contain a variety of reactive functional groups and a curing 
agent which contains functional groups reactive with the functional groups of the 
polysiloxanes. Such curable compositions are particularly useful in coating compositions 
which are curable at both ambient and thermal cure conditions where they provide such 
excellent properties as increased pot-life, improved tack-time, adhesion, mar resistance and 
acid etch resistance. 

[0005] The curable composition comprises an organic polysiloxane containing reactive 
functional groups, said polysiloxane having the general structure: 



WO 2005/037891 



3 



PCT/US2004/033189 



01) 

R R R R 
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R Si O- -["Si O-frlSi 0] m — Si R or 
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(HI) 

R R R R 

i i i i 

R Si — o- -[-Si 0-fcr[Si — ou-Si — R 

R a R R* R a 

where m is at least 1 ; m' is 0 to 50; n is 0 to 50; R is selected from the group consisting of OH 
and monovalent hydrocarbon groups connected to the silicon atoms; R a has the following 
structure: Ri-O-X wherein Ri is alkylene, oxyalkylene or alkylene aryl; and X is a moiety 
containing a functional group selected from the group consisting of OH, COOH, NCO, 
carboxylate such as ester, carbonate and anhydride, primary amine, secondary amine, amide, 
carbamate and epoxy functional groups; and a component which contains functional groups 
reactive with the functional groups of the organic polysiloxane. Preferably, the curable 
composition comprises: (a) an organic polysiloxane containing reactive functional groups, the 
polysiloxane having the formula (II) or (III), where m, m', n, R, Ra and X are as described 
above; (b) a polymer or oligomer which contains reactive functional groups; and (c) a curing 
agent containing functional groups which are reactive with the functional groups of (a) and 
(b). In one preferred embodiment n+m and n+m 1 is 2 or 3. 

[0006] In U.S. Patent No. 6,593,417 is disclosed a composition formed from components 
comprising: (a) a polysiloxane comprising at least one reactive functional group, the 
polysiloxane comprising at least one of the following structural units (I) 

wherein each R 1 , which may be identical or different, represents H, OH, or a monovalent 
hydrocarbon group; each R 2 , which may be identical or different, represents a group 
comprising at least one reactive functional group, provided that when the polysiloxane is a 
partial condensate of a silanol, then less than 70% by weight of the partial condensate is the 
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jartial condensate of CH3Si(OH)3 ; and (b) a plurality of particles having an average particle 

;ize of less than 100 nanometers prior to incorporation into the composition, 

wherein each component is different, and herein the at least one reactive functional group of 

the at least one polysiloxane is substantially nonreactive with the particles. 

[0007] U.S. Patent No. 6,610,777 discloses a coating composition formed from components 

comprising: (a) at least one polysiloxane comprising at least one reactive functional group, 

the at least one polysiloxane comprising at least one of the following structural units 

(I): 

R^^mS^n^CI) 

wherein each R*, which may be identical or different, represents H, OH, a monovalent 

hydrocarbon group or a monovalent siloxane group; each R^, which may be identical or 
different, represents a group comprising at least one reactive functional group, wherein m and 
n fulfill the requirements of 0<n<4, 0<m<4 and 2<(m+n)<4; (b) at least one polyol having a 
hydroxyl value ranging from 100 to 200; and (c) at least one reactant comprising at least one 
functional group that is reactive with at least one functional group selected from the at least 
one reactive functional group of the at least one polysiloxane (a) and at least one functional 
group of the at least one polyol (b), wherein each component is different, and wherein a 
coating formed from the coating composition when cured has a flexibility rating of at least 6 
according to a Flexibility Test Method at a temperature of 70° F. 

[0008] U.S. Patent No. 5,916,992 discloses novel polysiloxane polyols and a method for the 
preparation of such polysiloxane polyols. The polysiloxane polyol has the general formula: 

r a a a 
till 
a — s» — to— |ij c — io— |?*»-o— jp — r 

o — x 

ft R K ?t 

«— I: — 10 — |n % — io — o — — u 

x— *o 0— X o—x 
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where n is 0 to 50; m is at least one; m' is 0 to 50; R is selected from the group consisting of 
OH and monovalent hydrocarbon groups attached to the silicon atoms; Ri is alkylene, 
oxyalkylene or alkylene aryl; and the moiety X is H, mono-hydroxy-substituted alkylene or 



when p is 3, and wherein at least a portion of the moiety X is 
R2"(CH 2 -OH) p . 

[0009] This invention relates to a carbmol-functional silicone resin comprising the units: 
(Rl 3 SiOi/ 2 )a (0 
(R2 2 Si0 2 / 2 )b (ii) 
(R 3 Si0 3 / 2 )c («i)and 
(Si0 4/2 ) d (iv) 

wherein R 1 and R 2 are each independently a hydrogen atom, an alkyl group having from 1 to 
8 carbon atoms, an aryl group, a carbinol group free of aryl groups having at least 3 carbon 
atoms, or an aryl-containing carbinol group having at least 6 carbon atoms, R 3 is an alkyl 
group having from 1 to 8 carbon atoms or an aryl group, a has a value of less than or equal to 
0.6, b has a value of zero or greater than zero, c has a value of greater than zero, d has a value 
of less than 0.5, and the value ofa + b + c + d= l .with the proviso that when each R 2 is 
methyl the value of b is less than 0.3 and with the proviso there is on average at least one 
carbinol group per resin molecule. 

[0010] Another embodiment of this invention relates to a carbmol-functional silicone resin 
comprising the units: 



oxyalkylene, or R2-(CH2 -OH) p wherein p is 2 or 3, and R 2 is 




when p is 2 and R3 is C\ to C4 alkyl, or R 2 is 




(R^SiOi^a (0 
(R 2 2 Si0 2 /2)b («) 
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(R 3 Si0 3 /2) c (iii)and 
(Si0 4/2 )d (iv) 

wherein R* is independently a hydrogen atom, an alkyl group having from 1 to 8 carbon 
atoms, an aryl group, a carbinol group free of aryl groups having at least 6 carbon atoms, or 

an aryl-containing carbinol group having at least 6 carbon atoms, is a hydrogen atom, an 
alkyl group having from 1 to 8 carbon atoms, an aryl group, a carbinol group free of aryl 
groups having at least 3 carbon atoms, or an aryl-containing carbinol group having at least 6 

carbon atoms, is an alkyl group having from 1 to 8 carbon atoms or an aryl group, a has a 
value of less than or equal to 0.6, b has a value of zero or greater than zero, c has a value of 
greater than zero, d has a value of less than 0.5, and the value ofa + b + c + d=l, and with 

the proviso that when each R^ is methyl the value of b is less than 0.3 and with the proviso 
that greater than 25 wt% of the r!+r2+R 3 groups in the carbinol-functional silicone resin 
are phenyl. 

[0011] For the purposes of this invention "carbinol group" is defined as any group 
containing at least one carbon-bonded hydroxyl (COH) group. Thus the carbinol groups may 
contain more than one COH group such as for example 



OH 



[0012] The alkyl groups of R* and R^ in the carbinol functional silicone resin of 
Component (B) are illustrated by methyl, ethyl, propyl, butyl, pentyl, hexyl, and octyl, with 

the alkyl group typically being methyl. The aryl groups of R* and R^ are illustrated by 
phenyl, naphthyl, benzyl, tolyl, xylyl, xenyl, methylphenyl, 2-phenylethyl, 2-phenyl-2- 
methylethyl, chlorophenyl, bromophenyl and fluorophenyl with the aryl group typically being 
phenyl. 

[0013] The carbinol group free of aryl groups having at least 3 carbon atoms is illustrated 

by groups having the formula R^OH wherein R^ is a divalent hydrocarbon group having at 
least 3 carbon atoms or a divalent hydrocarbonoxy group having at least 3 carbon atoms. The 
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group R 4 is illustrated by alkylene groups selected from -(CH2) X - where x has a value of 3 to 
10, -CH 2 CH(CH 3 )-, -CH 2 CH(CH 3 )CH 2 -, -CH2CH2CH(CH2CH3)CH 2 CH 2 CH2-, and 
-OCH(CH 3 )(CH2) x - wherein x has a value of 1 to 10. The carbinol group free of aryl groups 
having at least 3 carbon atoms is also illustrated by groups having the formula having the 
formula R 6 (OH) CH2OH and R 6 is a group having the formula 
-CH 2 CH 2 (CH 2 )xOCK 2 CK- wherein x has a value of 1 to 10. 

[0014] The aryl-containing carbinol group having at least 6 carbon atoms is illustrated 
by groups having the formula R 5 OH wherein R 5 is an arylene group selected from 
-(CH 2 ) X C6H 4 - wherein x has a value of 0 to 10, -CH 2 CH(CH 3 )(CH 2 ) X C 6 H4- wherein x has 
a value of 0 to 10, and -(CH 2 ) X C6H4(CH2) X - wherein x has a value of 1 to 10. The aryl- 
containing carbinol groups typically have from 6 to 14 atoms. 
[0015] In the carbinol-functional silicone resin, a has a typical value of 0. 1 to 0.6, 
alternatively 0.2 to 0.4, b has atypical value of 0 to 0.4, alternatively 0 to 0.1, c has a typical 
value of 0.3 to 0.8, alternatively 0.4 to 0.8, d has a typical value of 0 to 0.3, alternatively zero. 
When each R 2 is methyl the value of b is less than 0.3, alternatively less than 0.1. 
[0016] The carbinol functional silicone resins have on average at least one carbinol group 
per resin molecule. Typically, the equivalent weight of carbinol groups on the carbinol 
functional silicone resin is from 100 to 1000, alternatively 200 to 800. 
[0017] Typically, when R 1 or R 2 of the carbinol-functional silicone resin contains a 
carbinol group, only one carbinol group will be present on each such R* or R 2 . 
[0018] The carbinol-functional silicone resins are illustrated by 
carbinol-functional silicone resins comprising the units: 
((CH 3 ) 3 Si0 1/2 ) a 

((R 2 )CH 3 Si0 2 / 2 )b where R 2 = -(CH 2 ) 3 C 6 H 4 OH 

((C 6 H 5 )CH 3 Si0 2 /2)b and 

(C 6 H 5 Si0 3 / 2 )c, 

carbinol-functional silicone resins comprising the units: 
((Rl)(CH 3 ) 2 SiOi/2)a where R* = -(CH 2 ) 3 C6H 4 OH and 
(C 6 H 5 Si0 3 / 2 ) c , 
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carbmol-functional silicone resins comprising the units: 
((Rl)(CH3) 2 SiOi/ 2 )a where Rl = -(CH2)3C 6 H40H and 
(CH 3 Si0 3 /2) c , 

carbinol-functional silicone resins comprising the units: 
((Rl)(CH3) 2 Si0 1 /2) a where Rl = -(CH 2 )30H and 
(C 6 H 5 Si0 3 /2) c , 

carbinol-functional silicone resins comprising the units: 
((RtyCHshSiOi^a where Rl = -(CE^OH 
(CH 3 Si0 3 /2) c and 
(C 6 H 5 Si03/ 2 )c, 

carbinol-functional silicone resins comprising the units: 
((Cl^SiO^a 

((R 2 )CH 3 Si0 2 /2)b where R 2 = -(CE^OH 
((C 6 H 5 )CH 3 Si02/2)b and 
(C 6 H 5 Si0 3 /2)c, 

carbinol-functional silicone resins comprising the units: 
((CH 3 ) 3 SiOi/2)a 

((Rl)(CH 3 )2SiOi/2)a where R 1 = -(CH 2 )30H and 
(C 6 H 5 Si0 3 /2)c, 

carbinol-functional silicone resins comprising the units: 

((Rl)(CH 3 )2SiOi/2)a where Rl = -CH 2 CH(CH 3 )CH 2 OH 

((HXCHshSiOi^a and 

(C 6 H 5 Si0 3 /2)c, 

and 

carbinol-functional silicone resins comprising the units: 
((Rl)(CH 3 )2SiOi/2)a where Rl = -(CH2) 3 OH 
(CH 3 Si0 3 /2) c 
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wherein a has a typical value of 0.1 to 0.6, b has a typical value of zero to 0.4, and c has a 
typical value of 0.3 to 0.8. 

[0019] The carbinol-functional silicone resins can be used to make tough, water, solvent 
and heat resistant materials by formulating and reacting these silicone resins with certain 
organic materials. If desired, the R*+r2+r3 groups in the carbinol functional silicone resin 
can contain high enough phenyl content to provide appropriate compatibility with other 
components. Typically greater than 10 weight percent of the Rl+R 2 +R 3 groups are phenyl 
and even more typically greater than 25 weight percent of the R*+r2+r3 groups are phenyl. 
[0020] This invention further relates to a method of preparing carbinol-functional silicone 
resins comprising reacting: 

(A') at least one hydrogen-functional silicone resin comprising the units: 
(R7 3 SiOi/ 2 )a(i) 

(R 8 2Si0 2 / 2 )b (ii) 
(R3Si0 3 / 2 ) c (iii)and 
(Si0 4/2 )d (iv) 

wherein R 7 and R** are each independently an alkyl group having from 1 to 8 carbon atoms, 
an aryl group, or a hydrogen atom, R3, a, b, c, and d are as defined above, the value of a + b + 
c + d = 1, with the proviso that when each R^ is methyl the value of b is less than 0.3, with 
the proviso that there are at least two silicon-bonded hydrogen atoms present in the silicone 
resin; and (B') at least one vinyl-terminated alcohol; in the presence of (C) a hydrosilylation 
catalyst; and optionally (D') at least one solvent 

[0021] Another embodiment of this invention relates to a method of preparing carbinol- 
functional silicone resins comprising reacting: 

(A') at least one hydrogen-functional silicone resin comprising the units: 

(R 7 3SiOi/ 2 )a(i) 

(R 8 2Si0 2/2 )b(ii) 

(R 3 Si0 3 / 2 )c (iii)and 

(Si0 4/2 )d (iv) 
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wherein are each independently an alkyl group having from 1 to 8 carbon atoms, 

an aryl group,, or a hydrogen atom, R^, a, b, c, and d are as defined above, the value of a + b + 

c + d = 1, with the proviso that when each R 8 is methyl the value of b is less than 0.3, with 
the proviso that there are at least two silicon-bonded hydrogen atoms present in the silicone 

resin and with the proviso that greater than 30 wt% of the Rl+R 2 +R 3 groups phenyl; and 
(B') at least one vinyl-terminated alcohol; in the presence of (C) a hydrosilylation catalyst; 
and optionally (D') at least one solvent. 

[0022] The alkyl groups and aryl groups are as illustrated above. Typically, the alkyl group 
is methyl and the aryl group is phenyl. In Component (A') a has a typical value of 0.1 to 0.6, 
alternatively 0.2 to 0.4, b has a typical value of 0 to 0.4, alternatively 0 to 0.1, c has a typical 
value of 0.3 to 0.8, alternatively 0.4 to 0.8, d has a typical value of 0 to 0.3, alternatively zero. 

When each R 2 is methyl the value of b is less than 0.3, alternatively less than 0.1 . Typically, 

less than 70 weight percent of the R 3 groups are methyl. 

[0023] "Reacting" as used herein means mixing components (A')-(C') and any optional 

components at room temperature (20-25°C) or heating a mixture comprising components 

(A')-(C') to temperatures above room temperature such as at temperatures of up to 200°C, 

however it is preferred that if components (A')-(C') and any optional components are heated, 

they are heated to a temperature of from 70°C to 1 10°C. 

[0024] The hydrogen-functional silicone resins of (A') are illustrated by 

hydrogen-functional silicone resins comprising the units: 

((CH 3 ) 3 SiOi/2)a 

((H)CH 3 Si0 2 /2)b 

((C 6 H 5 )CH 3 Si02/2)b and 

(C 6 H 5 Si0 3 / 2 )c> 

hydrogen-functional silicone resins comprising the units: 

«HXCH 3 )2SiOi/ 2 )a 

(C^SiC^c, 

hydrogen-functional silicone resins comprising the units: 

((H)(CH 3 ) 2 SiOi/2)a 

(CH 3 Si03/2) c , 
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hydrogen-functional silicone resins comprising the units: 
((H)(CH 3 ) 2 Si0 1 /2) a 

(CH 3 Si0 3 /2)c and 
(C6H 5 Si0 3 /2) c , and 

hydrogen-functional silicone resins comprising the units: 

((CHs^SiOj^a 

((H)(CH 3 ) 2 SiOi/2)a 

(C 6 H 5 Si03/ 2 )c, 

wherein a has a typical value in the resin of 0.1 to 0.6, b has a typical value in the resin of 
zero to 0.4, and c has a typical value in the resin of 0.3 to 0.8. 

[0025] The amount of hydrogen-functional silicone resin Component (A') is typically from 
25 to 95 weight percent, said weight percent being based on the total weight of Components 
(A')+(B')+(C 5 )+(D 9 ). 

[0026] Component (B'), the terminally unsaturated alcohol, is illustrated by vinyl- 
terminated alcohols having the formula CH2=CH(CH2) x OH wherein x has a value of 1 to 10, 
allyl-terminated alcohols having the formula CH2=CHCH(CH3)(CH2) x OH wherein x has a 
value of 1 to 10, methylallyl-terminated alcohols having the formula 

CH2=C(CH3)(CH2)xOH wherein x has a value of 1 to 10, vinyl-terminated alcohols having 
the formula CH2=CH(CH2) X C6H40H, wherein x has a value of 1 to 10, allyl-terminated 
alcohols having the formula CH 2 =CHCH(CH3)(CH2) X C6H40H, wherein x has a value of 1 
to 10, and methylallyl-terminated alcohols having the formula 

CH2=C(CH3)(CH2) X C6H40H, wherein x has a value of 1 to 10. Some typical terminally 
unsaturated alcohols from the above include CH2=CHCH20H, CH2=CHCH2C6H40H, 
CH2=C(CH 3 )CH 2 OH, and CH2=CHCH(CH 3 )(CH 2 )OH. 

[0027] The amount of terminally unsaturated alcohol, Component (B') can be from 5 to 60 
weight percent, but is typically from 5 to 40 weight percent, said weight percent being based 
on the total weight of Components (A')+(B')+(C')+(D'). 

[0028] Component (C), the hydrosilylation catalyst is illustrated by any metal-containing 
catalyst which facilitates the reaction of silicon-bonded hydrogen atoms of component (A') 
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with the vinyl groups of component (B). The metals are illustrated by ruthenium, rhodium, 
palladium, osmium, iridium, or platinum. 

[0029] The metal-containing catalyst is typically a platinum-containing catalyst since they 
are the most widely used and available and because they provide a more favorable effect for 
the compositions of this invention in terms of improved reaction rates. Platinum-containing 
catalysts can be a compound or complex of a platinum metal. 
[0030] One type of typical platinum-containing catalyst in the compositions of this 
invention is the composition that is obtained when chloroplatinic acid is reacted with an 
aliphatically unsaturated organosilicon compound such as divinyltetramethyldisiloxane, 
because of its easy dispersibility in organosilicon systems. 

[0031] Preferably component (C) is selected from chloroplatinic acid, alcohol modified 
chloroplatinic acids, olefin complexes of chloroplatinic acid, complexes of chloroplatinic acid 
and divinyltetramethyldisiloxane, fine platinum particles adsorbed on carbon carriers, 
platinum supported on metal oxide carriers such as Pt(Al2C>3), platinum black, platinum 
acetylacetonate, platinum(divinyltetramethyldisiloxane), platinous halides exemplified by 
PtCl2, PtCl4, Pt(CN)2> complexes of platinous halides with unsaturated compounds 
exemplified by ethylene, propylene, and organovinylsiloxanes, styrene 
hexamethyldiplatinum, and RhCl3(Bu2S)3. 

[0032] The amount of hydrosilylation catalyst that is used is not narrowly limited as long as 
there is a sufficient amount to accelerate a reaction between Components (A 5 ) and (B') at 
room temperature or at temperatures above room temperature. The exact necessary amount of 
this catalyst will depend on the particular catalyst utilized and is not easily predictable. 
However, for platinum-containing catalysts the amount can be as low as one weight part of 
platinum for every one million weight parts of components (A') + (B'). The catalyst can be 
added at an amount 10 to 120 weight parts per one million parts of components (A 5 ) + (B'), 
but is typically added in an amount from 10 to 60 weight parts per one million parts of 
components (A') + (B'). 

[0033] Component (D* ) the solvent can be an alcohol such as methanol, ethanol, 
isopropanol, butanol, or n-propanol, a ketone such as acetone, methylethyl ketone, or methyl 
isobutyl ketone; an aromatic hydrocarbon such as benzene, toluene, or xylene; an aliphatic 
hydrocarbon such as heptane, hexane, or octane; a glycol ether such as propylene glycol 
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methyl ether, dipropylene glycol methyl ether, propylene glycol n-butyl ether, propylene 
glycol n-propyl ether, or ethylene glycol n-butyl ether, a halogenated hydrocarbon such as 
dichloromethane, 1,1,1-trichloroethane or methylene chloride, chloroform, dimethyl 
sulfoxide, dimethyl formamide, acetonitrile, tetrahydrofuran, white spirits, mineral spirits, or 
naphtha. 

[0034] The amount of solvent, Component (D')» can be up to 50 weight percent, but is 
typically from 20 to 50 weight percent, said weight percent being based on the total weight of 
Components (A'>KB')+(C')+(D'). 

[0035] This invention also relates to an emulsion composition comprising: (A) a carbinol- 
functional silicone resin comprising the units: 

(R^SiOi/^a Q 

(R2 2 Si0 2 /2)b (ii) 

(R 3 Si0 3 / 2 )c (iiOand 

(Si0 4 / 2 )d (iv) 

wherein R* and R 2 are each independently a hydrogen atom, an alkyl group having from 1 to 
8 carbon atoms, an aryl group, a carbinol group free of aryl groups having at least 3 carbon 
atoms, or an aryl-containing carbinol group having at least 6 carbon atoms, is an alkyl 
group having from 1 to 8 carbon atoms or an aryl group, a has a value of less than or equal to 
0.6, b has a value of zero or greater than zero, c has a value of greater than zero, d has a value 
of less than 0.5, and the value ofa + b + c-fd=l, and with the proviso that when each R 2 is 
methyl the value of b is less than 0.3, and with the proviso there is on average at least one 
carbinol group per resin molecule; (B) at least one surfactant; and (C) water. 
[0036] The carbinol-functional silicone resin of Component (A) is as described above 
including typical embodiments thereof. The amount of Component (A) in the emulsion 
composition is typically from 25 to 75 weight percent, said weight percent being based on the 
total weight of the emulsion composition. 

[0037] Component (B) is at least one surfactant. The surfactant may be an anionic, cationic, 
nonionic, or amphoteric surfactant. The surfactants may be employed separately or in 
combinations of two or more. Examples of suitable anionic surfactants include alkali metal 
sulforicinatcs, sulfonated glyceryl esters of fatty acids such as sulfonated monoglycerides of 
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coconut oil acids, salts of sulfonated monovalent alcohol esters such as sodium 
oleylisethianate, amides of amino sulfonic acids such as the sodium salt of oleyl methyl 
tauride, sulfonated products of fatty acids nitriles such as palmitonitrile sulfonate, sulfonated 
aromatic hydrocarbons such as sodium alpha-naphthalene monosulfonate, condensation 
products of naphthalene sulfonic acids with formaldehyde, sodium octahydroanthracene 
sulfonate, alkali metal alkyl sulfates such as sodium lauryl sulfate, ammonium lauryl sulfate 
or triethanol amine lauryl sulfate, ether sulfates having alkyl groups of 8 or more carbon 
atoms such as sodium lauryl ether sulfate, ammonium lauryl ether sulfate, sodium alkyl aryl 
ether sulfates, and ammonium alkyl aryl ether sulfates, alkylarylsulfonates having 1 or more 
alkyl groups of 8 or more carbon atoms, alkylbenzenesulfonic acid alkali metal salts 
exemplified by hexylbenzenesulfonic acid sodium salt, octylbenzenesulfonic acid sodium 
salt, decylbenzenesulfonic acid sodium salt, dodecylbenzenesulfonic acid sodium salt, 
cetylbenzenesulfonic acid sodium salt, and myristylbenzenesulfonic acid sodium salt, sulfuric 
esters of polyoxyethylene alkyl ether including CH3(CH2)6CH20(C2H40)2S03H, 
CH3(CH2)7CH20(C 2 H40)3.5S03H, CH3(CH 2 )8CH20(C2H40) 8 S0 3 H, 
CH3(CH 2 )i9CH20(C 2 H40)4S03H, and CH3(CH 2 )ioCH20(C2H40) 6 S0 3 H, sodium salts, 
potassium salts, and amine salts of alkylnaphthylsulfonic acid. 

[0038] Examples of cationic surfactants include various fatty acid amines and amides and 
their derivatives, and the salts of the fatty acid amines and amides. Examples of aliphatic 
fatty acid amines include dodecylamine acetate, octadecylamine acetate, and acetates of the 
amines of tallow fatty acids, homologues of aromatic amines having fatty acids such as 
dodecylanalin, fatty amides derived from aliphatic diamines such as undecylimidazoline, 
fatty amides derived from aliphatic diamines such as undecylimidazoline, fatty amides 
derived from disubstituted amines such as oleylaminodiethylamine, derivatives of ethylene 
diamine, quaternary ammonium compounds and their salts which are exemplified by tallow 
trimethyl ammonium chloride, dioctadecyldimethyl ammonium chloride, didodecyldimethyl 
ammonium chloride, dihexadecyl ammonium chloride, alkyltrimethylammonium hydroxides 
such as octyltrimethylammomum hydroxide, dodecyllrimethylammonium hydroxide, or 
hexadecyltrimethylammonium hydroxide, dialkyldimethylammonium hydroxides such as 
octyldimethylammonium hydroxide, decyldimethylammonium hydroxide, 
didodecyidimethylammonium hydroxide, dioctadecyidimethyiammonium hydroxide, tallow 
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trimethylammonium hydroxide, coconut oil, trimethylammonium hydroxide, 
methylpolyoxyethylene cocoammonium chloride, and dipalmityl hydroxyethylammonium 
methosulfate, amide derivatives of amino alcohols such as beta-hydroxylethylstearylamide, 
and amine salts of long chain fatty acids, 

[0039] Examples of nonionic surfactants include polyoxyethylene alkyl ethers, 
polyoxyethylene alkylphenol ethers, polyoxyethylene lauryl ethers, polyoxyethylene sorbitan 
monoleates, polyoxyethylene alkyl esters, polyoxyethylene sorbitan alkyl esters, polyethylene 
glycol, polypropylene glycol, diethylene glycol, ethoxylated trimethylnonanols, and 
polyoxyalkylene glycol modified polysiloxane surfactants. 

[0040] Examples of the amphoteric surfactants that can be used include amino acid 
surfactants and betaine acid surfactants. 

[0041] Typical commercially available surfactants include trimethylnonyl polyethylene 
glycol ethers and polyethylene glycol ether alcohols containing linear alkyl groups having 
from 1 1 to 15 such as 2,6,8-trimethyl-4-nonyloxypolyethylene oxyethanol (6 EO) (sold as 
Tergitol®TMN-6 by The Dow Chemical Company, Midland, MI), 

2,6,8-trimethyl-4-nonyloxypolyethylene oxyethanol (10 EO) (sold as Tergitol®TMN-10 by 
The Dow Chemical Company, Midland, MI), alkylene-oxypolyethylene oxyethanol (Cu_i5 
secondary alkyl, 9 EO) (sold as Tergitol®15-S-9 by The Dow Chemical Company, Midland, 
MI), alkylene-oxypolyethylene oxyethanol (Cn-is secondary alkyl, 15 EO) (sold as 
Tergitol®15-S-15 by The Dow Chemical Company, Midland, MI), octylphenoxy polyethoxy 
ethanols having varying amounts of ethylene oxide units such as octylphenoxy polyethoxy 
ethanol (40 EO) (sold as Triton® X405 by Rohm and Haas Company, Philadelphia, Pa.), 
nonionic ethoxylated tridecyl ethers available from Emery Industries, Mauldin, S.C. under 
the general tradename Trycol, alkali metal salts of dialkyl sulfosuccinates available from 
American Cyanamid Company, Wayne, N. J. under the general tradename Aerosol, 
polyethoxylated quaternary ammonium salts and ethylene oxide condensation products of the 
primary fatty amines, available from Armak Company, Chicago, 111. under the tradenames 
Ethoquad, Ethomeen, or Arquad, and polyoxyalkylene glycol modified polysiloxanes. These 
preferred surfactants may also be obtained from other suppliers under different tradenames. 
[0042] Surfactants useful in the invention also include those derived from silicone, sorbitan 
derivatives, and fatty alcohol derivatives. More specifically, suitable surfactants include, but 
are not limited to, sorbitan sesquioleate, sorbitan oleate, sorbitan isostearate; alkoxylated 
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alcohols such as ethoxylated fatty alcohols including laureth-4, laureth-7, deceth-12, steareth- 
10; hydroxylated derivatives of polymeric silicones, such as dimethicone copolyol; alkylated 
derivatives of hydroxylated polymeric silicones such as cetyl dimethicone copolyol; glyceryl 
esters such as polyglyceryl-4-isostearate; and mixtures thereof, especially mixtures of 
hydroxylated derivatives of polymeric silicones, alkylated derivatives of hydroxylated 
polymeric silicones and glyceryl esters, most especially mixtures of dimethicone copolyol, 
cetyl dimethicone copolyol and polyglyceryl-4-isostearate. Most preferred is a mixture of 
such surfactants, i.e. a dimethicone copolyol, sorbitan sesquioleate and laureth-7. 
[0043] The amount of Component (B) in the emulsion composition is typically from 1 to 20 
weight percent, said weight percent being based on the total weight of the emulsion 
composition. 

[0044] Component (C) is water. Typically, water is present at a level of from about 20 to 80 
weight percent, said weight percent being based on the total weight of the emulsion 
composition. 

[0045] The emulsion compositions of this invention can further comprise fragrances, 
preservatives, vitamins, ceramides, amino-acid derivatives, liposomes, polyols, such as 
glycerine and propylene glycol and botanicals (plant extracts) and additional conditioning 
agents such as quaternary polymers or silicone materials. Other additives can include, but are 
not limited to the following, depending on the use, glycols, vitamins A, vitamin C and vitamin 
E in their various forms, Pro-Vitamin B5, sunscreen agents (these include those which absorb 
ultraviolet light between about 290-320 nanometers (the UV-B region) and those which 
absorb ultraviolet light in the range of 320-400 (the UV-B region)), humectants, 
preservatives, such as known parabens, emollients, occlusive agents, and esters. Other 
additives can include pigments especially when the emulsion is used as a make-up. 
[0046] The compositions according to the invention can also contain agents for artificially 
tanning and/or browning the skin (self-tanning agents), such as, for example, 
dihydroxyacetone (DHA). These optional ingredients can be present in the emulsion 
compositions of this invention up in an amount of up to 5 parts by weight per 100 parts by 
weight of emulsion composition, but typically are present in amount of from 0.1 to 1 part by 
weight per 100 parts by weight of emulsion composition. Also the emulsion can be spray 
dried to form a resin/active composite particle. 

[0047] The emulsion compositions of this invention may be prepared by mixing (or 
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mechanically agitating) components (A)-(C), and any optional components, to form a 
homogenous mixture. This may be accomplished by any convenient mixing method known in 
the art exemplified by a spatula, mechanical stirrers, in-line mixing systems containing 
baffles and/or blades, powered in-line mixers, homogenizers, a drum roller, a three-roll mill, 
a sigma blade mixer, a bread dough mixer, and a two roll mill. The order of mixing is not 
considered critical. 

Examples 
Silicone Resins A1-A8 
[0048] Phenyltrimethoxysilane, methyltrimethoxysilane, and/or 

phenylmethyldimethoxysilane, catalyzed by trifluoromethanesulfonic acid (TFMSA) were 
hydrolyzed with deionized water, followed by distillative removal of by-product methanol. 
l,l,3,3-tetramethyl-l,3-disiloxane (TMDS) and/or methylhydrogencyclosiloxanes and acetic 
acid were added and the mixture heated to 50°C for three hours. (Optionally 
hexamethyldisiloxane (HMDS) and additional acetic acid were also added.) Methanol and 
methyl acetate were removed via distillation, followed optionally by adding more acetic acid 
and additional heating at 50°C. Hydrocarbon solvent was added and the mixture washed with 
saturated aqueous sodium bicarbonate and multiple aliquots of deionized water, filtered if 
needed and solvent optionally removed. The amounts of the ingredients are listed in Table 1 
below. The resulting product is shown in Table 2 below. 

Silicone Resin Bl 

[0049] 6240 grams (g) of phenyltrimethoxysilane was dissolved in 1 875.36 g of 
dimethoxyethane and this was hydrolyzed with 1291 .68 g of a 1 wt% aqueous solution of 
HC1 at reflux for one hour, followed by distillative removal of by-product methanol and some 
solvent An additional 1872 g of solvent and 131.04 g of a 1 wt% aqueous HC1 were added 
and additional volatiles removed by distillation. An additional 2126.4 g of dimethoxyethane 
was added, then the structure sequentially capped with 1 181.62 g of chlorodimethylsilane and 
80.71 g of chlorotrimethylsilane. Volatiles were removed via distillation and the product 
dissolved in 3725.8 g of toluene and washed with aliquots of saturated aqueous sodium 
bicarbonate and water. 406 g of water and 2035 g of dimethoxyethane were added and 
removed via distillation. This step was repeated using 1218 g of water and 2500 ml of 
dimethoxyethane, followed by distillative removal of all volatiles to yield 4100 g of product. 
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The composition of silicone resin B 1 was determined by NMR analysis to be 
M H o.20 TPh 0.80. 

Silicone Resin CI 

[0050] 4958.4 g of methyltrimethoxysilane was hydrolyzed with 252.3 g of deionized 
water in the presence of 4.93 g of trifluoromethanesulfonic acid. 5456.4 g of 1,1,3,3- 
tetramethyl-l,3-disiloxane (TMDS) and an additional 725.8 g of deionized water were 
added. Volatiles were removed via distillation, then the product mixture dissolved in 2210 g 
of hexane. The product solution was washed with saturated aqueous sodium bicarbonate and 
multiple aliquots of deionized water, dried over magnesium sulfate, filtered and solvent 
removed. The composition of silicone resin CI was determined by NMR analysis to be 

M H 0 .55T Me 0.45. 
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TABLE 2 


Silicone Resin 


Hydrogen-functional Silicone Resin 


Al 


Mn 0.4lT rn o.59 


A2 


1V1 0.195 U 0.202 1 -' 0.202 1 0.303 


A3 


M H 0.393T Me 0.304 TPh 0.303 


A4 


MH 0.634 TPh 0,366 


A5 


M o.266M H o.o98 TPh o.637 


A6 


M H o.40T Ph 0.60 


A7* 


M H 04T Me 04T Ph 02 


A8* 


M% 4 T Me 0.5T Ph 0.1 



approximate compositions 



In Table 2 above: 

M denotes (CH 3 ) 3 SiOi/2 

M H denotes H(CH 3 >2SiO 1/2 

D H denotes H(CH 3 )Si0 2 /2 

D?h denotes C 6 H 5 (CH 3 )Si02/2 

TMe denotes CH 3 Si0 3 / 2 

T ph denotes CgHsSiO^ 

Examples 1-12 

[0051] A catalytic amount of 1 % Pt(Al20 3 ) was added, followed by addition of either allyl 
alcohol or allyl phenol. The mixture was heated at 70-1 10°C until the SiH was consumed, as 
determined by following the disappearance of its peak in the FTIR spectrum (-2165 cnrl). 
Optionally, triphenylphosphine and carbon black were added. The product mixture was 
filtered and solvent removed. The silicone resin type, reagent weights, yield, and resin 
composition are shown in Table 3 below. 
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Example 13 

[0052] One of the silicone resins prepared above were optionally dissolved in toluene and 
heated to 70-100°C. A catalytic amount of 0.52% platinum(divinyltetramethyldisiloxane) 
(platinum catalyst) was added, followed by methallyl alcohol. The mixture was heated at 70- 
1 10°C until the SiH was consumed, as determined by following the disappearance of its peak 
in the FTIR spectrum (-2165 cm" 1 ). The product mixture was optionally filtered and solvent 
removed. The silicone resin type, reagent weights, yield, and resin composition are shown in 
Table 4 below. 



TABLE 4 


Reagent Weights ( 


GO 


Example 


Carbinol-functional Silicone Resin 
Composition (CSR) 


Silicone 
Resin 
Type 


SiH 
Resin 


Methallyl 
alcohol* 


Platinum 
catalyst 


Yield (g) 


13 


M iBuOH Q 31()M H 0 052T Ph Q 6Q9 


A6 


50 


67 


0.75 


73.9 



In Table 4 above: 

MiBuOH denotes (HOCH 2 CH(CH3)CH2)(CH3)2Si0 1 / 2 

M H denotes (H)(CH3)2SiOi/2 

T ph denotes C^SK^ 

* methallyl alcohol denotes CH 2 =C(CH3)CH 2 OH 

Examples 14 and 15 

[0053] ORGANOSILICASOL™ IPA-ST - a 10-15nm colloidal silica dispersion 30% 
solids in isopropyl alcohol, available from Nissan Chemicals Ind. Ltd, Japan. 
DOW CORNING® Z-6124 Silane - phenyltrimethoxysilane, available from Dow Corning 
Corp., Midland MI. 

DOW CORNING® 3-7010 Fluid - tetramethyldisiloxane, available from Dow Corning 
Corp., Midland MI. 

FC-24 - trifluoromethanesulfonic acid, available from 3M, St. Paxil, Minn. 
Triphenylphosphine - available from Sigma-Aldrich Chemical Co. Milwaukee WI. 
DARCO® G-60 activated carbon from Norit Americas, Inc. Corporation Amersfoort The 
Kingdom of Netherlands Georgia. 

Allyl alcohol (Sigma-Aldrich Chemical Co. Milwaukee WI) 
Tetraethoxysilane (Sigma-Aldrich Chemical Co. Milwaukee WI) 
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Example 14 

[0054] A mixture of 225.0g of phenyltrimethoxysilane and 1 1 1 .5 g of 
ORGANOSILICASOL™ IPA-ST was hydrolyzed with 42.9g of water and 0.12g of 
concentrated HCL After heating to reflux for 15 minutes, 256.8g of toluene, 76.2g of 
tetramethyldisiloxane and 0.36g of trifluoromethanesulfonic acid were added and the mixture 
heated at 65°C for three hours. Volatiles were removed via distillation and 2.4g of calcium 
carbonate added. The mixture was filtered and additional solvent removed via distillation. 
1 ,38g of 1 wt% Pt/Al2C>3 (catalyst) and 197.8g of allyl alcohol were added and the mixture 

heated to reflux for 2.5 hours. 0.06g of triphenylphosphine and lg of DARCO® G60 were 
added. The mixture was filtered and solvent removed via distillation under vacuum to yield 
293 .2g of an opalescent colorless liquid. The resin was analyzed by Si^9 NMR and found to 
have the following composition: M PrOH o.38 TPh 0.4lQo.21- 

Example 15 

[0055] A 2-L flask was charged with 93.8g of tetraethoxysilane, 356.9 g of 
phenyltrimethoxysilane, 108.1g of dimethyldimethoxysilane, 0.3g of 

trifluoromethanesulfonic acid premixed in 2.1 g of water. The mixture was heated to 50°C for 
one hour, then further hydrolyzed with 91.6g of additional water. 200g of toluene, 93.8g of 
tetramethyldisiloxane and 148.0g of acetic acid were added and heating continued at 50°C for 
two hours. After volatiles were removed via distillation, the mixture was washed with 
sodium bicarbonate solution and water, then dried via azeotropic distillation to yield a clear 
solution with 43% non-volatile content. About 767.6g of this solution was heated to 95°C 
followed by addition of 1.84g of l%Pt/Al203 and 154.4g of allyl alcohol, then heated at 

reflux for fifteen hours. Next about 0.074g of triphenylphosphine and about lg of carbon 
black were added. The mixture was filtered and volatiles removed via distillation, followed 
by dissolution in 125g of butyl acetate to yield a slightly hazy colorless product solution 
(75% solids). Si 29 NMR analysis of the product revealed the following composition 
M PlOH o.26Do.2iT ph o.4iQoao where M PrOH , D, T ph , and Q are as defined above. 
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Examples 16-23, Control, and Comparison Example 1 
[0056] Polyol: Desmophen® 870 BA is a hydroxyl-functional polyacrylate resin supplied 
in butyl acetate (70% solids) by Bayer Corporation (Pittsburgh, PA). 
Isocyanate: Desmodur N-3390 is a polyisocyanate based on hexamethylene diisocyanate 
(HDI) supplied in butyl acetate (90% solids) by Bayer Corporation (Pittsburgh, PA). 
BA: n-butyl acetate. 

Linear is 3-hydroxypropyl terminated polydimethylsiloxane. 

A control coating contained only polyol, isocyanate and BA as described above. 

[0057] RECOATABILITY: The conditions (Application method, film thickness and cure 
schedule) for this test are specified relative to the specific coating formulation. After the 
initial cure, the specimen is overcoated with the same paint formulation. After curing the 
second coat, the panels are rated in regards to the ability of the second coat to wet the 
underlying film. 

5 - Excellent wetting and flow; no film defects such as craters and fisheyes 
4 - Slight dewetting and/or edge crawling; minimal defects 
3 - Moderate dewetting and/or edge crawling; minimal defects 
2 - Extensive dewetting and/or edge crawling; Few defects 
1 - Extensive dewetting and/or edge crawling; Numerous defects 
0 - Severe dewetting and/or edge crawling; Extensive defects 
[0058] The above isocyanate, above polyol, one of the carbinol-functional silicone resins 

prepared in Table 3 above (denoted CSR in Table 5), and n-butyl acetate (solvent) were 

added to a mixing dish and stirred vigorously with a spatula. Testing was performed on 

polished steel panels. The formulations were applied via 6 mil (wet) drawndown bar. The 

coated panels were allowed to air dry for fifteen minutes and then oven cured for 30 minutes 

at 265°F. The appearance of the cured films were evaluated for appearance with l=poor and 5 

= excellent and the values recorded in Table 5. 

[0059] The cured films were then coated perpendicular to the original coating with the 
identical formulation (like on like) and the second coat was cured identical to the first coat 
(air dry for fifteen minutes and then oven cured for 30 minutes at 265°F). The recoatability 
of each formulation was evaluated and recorded in Table 5. 
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TABLE 5 (in (g)) 
Coating Formulations 





Pnn- 
trol 


Fx 
16 


Ex 
17 


Fx 
18 


Fy 

JDA 


p Y 
HA 

20 


Fy 
21 

X 


Fy 

22 


Fy 

23 


1 

X 


W I/O 

in CSR 


Polyol 


15.5 


11. 
4 


12.5 


12.7 


14.2 


13.2 


12.2 


12.1 


11.1 


13.5 




BA 


3.2 


3.2 


3.2 


3.2 


3.2 


2.7 


3.2 


3.2 


3.2 


3.2 


Ex4 CSR 




1.5 


















35.3 


Ex5 CSR 






1,6 
















40 


i Ex6 CSR 








1.6 














56.6 


Ex7 CSR 










1.7 












62.2 


Exl4 CSR 












2.2 










52 


i ExlO CSR 














1.6 








34 


Fx 12 CSR 
















1.6 






21 


ExllCSR 


















1.5 




0 


Linear 




















1.7 


0 


Isocyanate 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 




Total 


25 


22 


24 


24 


25 


24 


23 


23 


22 


25 


Wt% Siloxane 
Resin (solids) 


0 


10 


10 


10 


10 


10 


10 


10 


10 


10 


Initial Coating 
Quality 
l=poor 
5=perfect 


3 


4 


1* 


4 


3 


3 


1* 


1* 


1* 


2* 


Recoatability 
(Like on Like) 
l=poor 
5=perfect 


2 


4 


2 


4 


3 


3 


3 


1 


1 


1 





1* - severe orange peel 
2*- uniform but hazy 



[0060] All of the coating formulations listed in Table 5 cured to a dry film under the cure 
conditions described. The coatings prepared with carbinol functional resins produced good 
quality coatings that can be recoated readily if the phenyl content is sufficient to provide 
compatibility with the other coating components. Utilizing the same isocyanate and polyol as 
used in the control coating formulation over 25 wt% phenyl was required to achieve good 
compatibility and coating quality. The comparative coating (Cexl) prepared using the linear 
carbinol functional dimethylsiloxane material exhibited poor coating quality and poor 
recoatability. 
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Example 24 

[0061] About 6g of Ex4 CSR having a viscosity of 4.7 Pas at 22°C, was weighed into a 
20ml vial followed by 0.20g of C12-14 secondary alcohol ethoxylate having an HLB of 10.6 

(Tergitol® 15-S-5 from The Dow Chemical Company, Midland MI), 0.20g of Cy^XA 

secondary alcohol ethoxylate having an HLB of 18.0 (Tergitol® 15-S-40 from The Dow 
Chemical Company, Midland MI) and 3.6g DI (deionized) water. The composition was 
subjected to high shear using laboratory ultrasonic processor (Fisher Model 550 Sonic 
Dismembrator) equipped with a microtip. The tip was placed approximately 1cm below the 
surface of the liquid and the ultrasonic probe was energized to 50% of the 550 watts 
maximum power for 20 seconds. A milky white emulsion began to form almost instantly 
upon energizing the ultrasonic probe. The vial was removed from the probe, a cap placed on 
the vial and the vial was shaken. The vial was returned to the ultrasonic probe and the probe 
was energized at the same power setting for another 30-second period. The vial was again 
removed, capped and shaken then returned to the ultrasonic probe. This procedure was 
repeated such that the contents of the vial experienced 80 seconds of ultrasonic processing. 
The resulting composition consisted of an approximately 60% by weight, aqueous, oil/water 
emulsion of a carbinol-fimctional silicone resin having the following particle size 
characteristics: D(v, 0.5) = 0.742 urn and D(v, 0.9) = 3.22 um. 



